Abstract Toxocariasis is a zoonotic disease usually caused by dog and cat roundworms, Toxocara canis and T. cati. Detection and diagnosis is difficult in paratenic and accidental hosts, including humans, as they cannot be detected through conventional methods such as fecal examination. Diagnosis therefore relies on immunological methods and molecular methods such as enzyme-linked immunosorbent assay (ELISA) and Western Blot, which are both timeconsuming and requires sophisticated equipment. In the Philippines, only a few studies are available on Toxocara seroprevalence. Therefore, there is a need to adapt methods for serodiagnosis of Toxocara infection in humans for the Philippine setting. A dot enzyme linked immunosorbent assay (dot-ELISA) was standardized using T. canis excretory-secretory antigens. Test sera were collected from laboratory rats (Sprague-Dawley strain) experimentally infected with embryonated eggs of T. canis and Ascaris suum as well as rice field rats naturally infected with Taenia taeniaeformis and Nippostrongylus sp. Optimum conditions used were 20 lg/ml antigen concentration and 1:10 serum dilution. The sensitivity, specificity, positive, and negative predictive values were 90% (95% CI 55.5-99.7%), 100% (95% CI 69.2-100.0%), 100% (95% CI 66.4-100%), and 90.9% (95% CI 58.7-99.8%), respectively. Dot-ELISA has the potential to be developed as a cheaper, simpler, and more practical method for detection of anti-Toxocara antibodies on accidental hosts. This is a preliminary study conducted on experimental animals before optimization and standardization for human serum samples.
Introduction
Toxocara canis (dog roundworm) and Toxocara cati (cat roundworm) are nematodes found to infect dogs and cats, respectively. These are soil-transmitted helminths that may also affect humans, causing toxocariasis (Woodhall et al. 2014 ). This disease is underdiagnosed and is considered as a Neglected Parasitic Infection by the Centers for Disease Control and Prevention (2013) . Humans become infected with Toxocara through accidental ingestion of viable embryonated eggs that are present in the soil or contaminated hands and fomites. This disease can also be acquired, although rarely, from ingestion of undercooked paratenic hosts, like chicken and rabbit, that are contaminated with the larvae (Moreira et al. 2014) . Children are at a higher risk of infection due to geophagy as well as playing with soil that may be contaminated with eggs (Woodhall et al. 2014) . The clinical manifestations of this disease are nonspecific and may vary widely ranging from asymptomatic cases to systemic infections which may be attributed to the size of inoculum and the host response against migrating larvae (Pawlowski 2001) . In many cases, infected hosts were asymptomatic; however, it can also be clinically manifested in four forms based on organs and tissues affected: visceral larva migrans, ocular larva migrans, neurological toxocariasis, and covert toxocariasis (Despommier 2003; Magnaval et al. 2001; Roldan et al. 2010) . Toxocara eggs cannot be detected through fecal examination since the adult worms do not develop in humans. Definitive diagnosis is challenging as it requires direct observation of the larva in tissues. Hence, immunological and molecular methods, such as polymerase chain reaction, have been developed for diagnosing the disease (Watthanakulpanich 2010; Rai et al. 1997; Wu et al. 1997; Van De et al. 2013) . The most commonly used immunological tests are the enzyme-linked immunosorbent assay (ELISA) and Western blot. However, these tests are timeconsuming and require sophisticated equipment (Watthanakulpanich 2010) .
The seroprevalence of toxocariasis worldwide is high, especially among tropical and developing countries. Low socioeconomic status is also correlated with high prevalence of this disease (Rubinsky-Elefant et al. 2010 ). In the Philippines, there are limited studies available on Toxocara. A study done in Los Baños, Laguna, found a high helminth egg contamination rate (43%) in soil (Fajutag and Paller 2013) . The same study also revealed a high serological prevalence (49%) in primary school children by the detection of anti-Toxocara antibodies in serum. Another study conducted by Paller and de Chavez (2014) reported that 31% of the soil samples collected in rural towns of Laguna, Philippines were positive for eggs of soil-transmitted helminths; seventy-seven percent of these were Toxocara eggs. Because of this, there is a need to efficiently diagnose neglected parasitic infections that undermine the health of the public, especially the younger age groups. Furthermore, it is not a far off notion that toxocariasis is already present and highly prevalent in the Philippines because of the presence of stray cats and dogs in the country and the close relations of humans with cats and dogs.
As of the moment, there is no local method for the detection of the said disease. For this reason, there is a need to create a sensitive and highly specific local method for the immunological diagnosis of toxocariasis in human serum. This study aimed to develop a dot ELISA for the immunological diagnosis of toxocariasis using a rat model.
Materials and methods

Ethical considerations
Rats were maintained and infected in accordance with institutional guidelines. The experimental protocol was approved by the Institutional Animal Care and Use Committee (IACUC) of the University of the Philippines Los Baños with assigned protocol number 2015-0051.
Preparation of Toxocara canis egg culture
Female T. canis adults were acquired from dogs dewormed with pyrantel embonate. The female worms were dissected at the anterior non-bifurcated and bifurcated portions of the uterus. To prevent fungal growth, the eggs obtained were placed in a 2% formalin solution for 35 days until embryonation (Alcantara-Neves et al. 2008 ). This suspension was stirred daily for aeration. Some of these eggs were used for the artificial infection of Sprague-Dawley rats, while others were hatched into larvae for obtaining excretory-secretory antigens.
Artificial infection of rats
A total of 54 male Sprague-Dawley rats, approximately 5-8 weeks old, were used. Thirty-three of these were orally infected with 500 T. canis embryonated eggs. Ten of these rats were used as positive control, another ten rats were orally infected with embryonated Ascaris suum eggs for cross-reactivity tests while two rats were left uninfected and used to optimize the dot ELISA. Three rats were sacrificed each observation day (3, 5, 8, 10, 15, 30 , and 60 days post infection). This was done to determine when the anti-T. canis antibodies can be detected in sera.
The ten rats used as positive control were dissected. Brains were divided into small portions and viewed under a microscope using squash method to observe presence of larvae. The lungs, liver, heart, kidneys, eyes, masseters, and diaphragm were also checked for the presence of larvae. These organs were subjected to artificial tissue digestion in a digestive solution (pepsin, 5 g; 37% HCl, 10 ml in 1000 ml distilled water) at 37°C with constant stirring using a magnetic stirrer (Janecek et al. 2014; Zibaei et al. 2010 ). The sedimental liquid was centrifuged at 1500 rpm for 2 min. The resulting supernatant was discarded and the sediments were viewed under a light microscope at 200x and 400x magnifications. All of the positive controls were found to be infected with the larvae and were included in the study.
Collection of sera from rats with natural helminth infection
A total of 19 rice field rats were dissected and examined for intestinal parasites. Among these rats, only those found to have single infection were used. Three of these were infected with Taenia taeniaeformis while six were infected with Nippostrongylus sp. Sera from rats infected with Ascaris suum, T. taeniaeformis, and Nippostrongylus sp. were used to test for cross-reactions.
Collection of sera from the artificially infected rats
Five ml of blood from each rat were collected via cardiac puncture. They were then placed in serum-separating tubes. The collected blood was then centrifuged at 3300 rpm for 10 min.
Preparation of Toxocara canis excretory-secretory (ES) antigens
Decortication
The method of Thomas et al. (2014) was used, with some modifications. Egg cultures were transferred to centrifuge tubes and were washed in distilled water by centrifugation for four times at 2000 rpm for 5 min to remove the formalin in the solution. The eggs were then soaked in an equal volume of 4% sodium hypochlorite (NaOCl) in order to remove the outer mamillated membrane of the eggs. After 2 h, PBS was added to the solution and was centrifuged at 1400 rpm for 2 min to remove the chlorine. The egg suspension was then transferred to RPMI 1640 containing 100 iu/ml penicillin and 100 ug/ml streptomycin, and was gently shaken in order to induce hatching. Afterwards, the suspension was incubated overnight at 37°C in 5% CO 2 to further induce hatching.
The suspension containing hatched larvae was centrifuged at 2000 rpm for 5 min. Larvae were collected and then gently layered on 5 ml of Histopaque (density 1.077 g/ml) for density gradient centrifugation. The suspension was then centrifuged for 30 min at 1600 rpm. The viable larvae at the bottom of the tube were collected.
Larval culture
Viable larvae were placed in culture flasks containing RPMI 1640 with 100 iu/ml penicillin and 100 ug/ml streptomycin to prevent bacterial growth. The larval concentration was then adjusted to 1000 larvae/ml. Larval cultures were maintained at 37°C in 5% CO 2 . The culture media where the larvae release their excretory-secretory (ES) antigens were collected and replaced every week.
ES antigen collection and concentration
Collected media were placed in Amicon columns (10 kDa cutoff) and centrifuged at 3000 rpm for 30 min at 4°C to concentrate the antigens. The ES antigens were reconcentrated three times using PBS to a final volume of 200 ll (Maizels et al. 1984) . Protein concentration was measured using Bradford assay and its absorbance was measured under 595 nm.
Dot ELISA test
The dot ELISA was performed using the method of Bojanich et al. (2012) with some modifications. The optimal concentration of the ES antigen and the serum dilution were determined via checkerboard titration. ES antigen concentrations were tested on different dilutions of sera. Two ll of varying concentrations of T. canis ES antigen in PBS (10, 20, and 30 lg/ml) diluted in carbonate-bicarbonate buffer were dotted onto nitrocellulose membranes (0.45 lm pore size). After air drying for 30 min, the membranes were incubated with the blocking solution (PBS with 1% skim milk) for 1 h to block nonspecific binding sites.
The membranes were then washed with PBS with 0.05% Tween 20 (PBS-T) for 5 min. Positive T. canis sera was diluted in PBS with 1% skim milk. Twelve ll of the diluted sera (1:10, 1:20, and 1:30) was spotted. After 30 min, the strips were washed again with PBS-T three times to remove unbound primary antibodies. Twelve ll of goat anti-rat IgG conjugated with horseradish peroxidase (1:1000 dilution in PBS) was spotted. After 30 min, the membranes were washed again with PBS-T to remove unbound secondary antibody. The membranes were then placed in a Petri dish containing freshly prepared substrate (4-chloro-1-naphthol and methanol in PBS containing 30% H 2 O 2 ). After an hour, the reaction was stopped by washing the membranes several times with distilled water. Appearance of color indicates a positive result, while the absence of color was considered a negative result.
The antigen concentration used in the succeeding assays was 20 lg/ml, while the serum dilution used was 1:10. This antigen concentration was preferred over 30 lg/ml because the resulting color reactions had the same intensity. The 1:10 serum dilution was chosen because it produced the most distinct color reaction.
Statistical analysis
The dot ELISA developed was not compared with the reference standard because the number of infected and uninfected individuals were known. The sensitivity, specificity, positive predictive values, negative predictive values of the dot ELISA were determined. The 95% confidence intervals of the resulting values were computed.
Sensitivity was calculated as the percentage of serum samples of rats artificially infected with Toxocara that had a positive result in dot ELISA. On the other hand, specificity was computed as the percent of sera of uninfected rats showing negative results.
The positive predictive value was computed as the proportion of rats infected with T. canis showing positive results over the total number of rats presenting positive results. This describes the chances of having the disease when the test presents a positive result. On the other hand, the negative predictive value was computed as the proportion of uninfected rats showing negative results over the total number of rats showing negative results. This describes the chances of being uninfected when the test shows a negative result.
Results and discussion
Diagnosis of toxocariasis is very challenging as the parasite cannot be detected through fecal examination. Infection may manifest as a variety of syndromes. Furthermore, asymptomatic cases of the disease may also occur. Thus, the signs and symptoms of this disease are nonspecific and may be similar to those of other diseases. There is lack of surveillance of toxocariasis in the Philippines despite the close proximity of humans with dogs and cats, as well as an abundance of stray animals.
A study was conducted to develop a dot enzyme-linked immunosorbent assay (ELISA) for the diagnosis of T. canis infection using the rat as a model.
Dot-ELISA test
Toxocara canis eggs were used either for infecting Sprague-Dawley rats, or hatched into larvae and cultured in RPMI to obtain excretory-secretory antigens. The optimum antigen concentration used in the assay was 20 lg/ml, while the best serum dilution was 1:10. The sensitivity, specificity, positive, and negative predictive values of the test were detected as 90, 100, 100, and 90.9%, respectively. Different sera were tested in the dot ELISA. The presence of anti-T. canis antibodies from T. canis-infected sera were determined using the assay. Nine of ten T. canisinfected sera exhibited a blue-violet color in the assay (Fig. 1) . Hence, the dot ELISA has a 90% sensitivity (95% CI 55.5-99.7%). The light color of the positive results in the assay may have been due to a low concentration of antibodies present in the sera of the T. canis-infected rats. Moreover, it is also possible that the negative result obtained from the T. canis-infected sera may have been due to extremely low, undetectable levels of antibody present.
These results can be explained by the dosage of eggs administered to the rats. Furthermore, the larvae may have also migrated to immunologically privileged sites such as the brain, where immune reactions are infrequently observed (Holland and Hamilton 2013) . In these sites, they are not exposed to cellular responses and cannot be encapsulated as they cannot be detected by the host's lymphoid system because of the protection offered by the blood-brain barrier (Dunsmore et al. 1983) .
None of the ten uninfected laboratory rats showed positive results, resulting to 100% (95% CI 69.2-100%) specificity. The high specificity of the assay developed may have been due to the use of excretory-secretory (ES) antigens. Camargo et al. (1992) compared the use ES and somatic antigens in dot ELISA for detecting T. canis infection in humans. Both ES and somatic antigens displayed 100% sensitivity. However, the assay employing somatic antigens resulted to a specificity of only 85.7%, while the assay that contained ES antigens resulted to a specificity of 95.3%. This was because somatic antigens contain various nonspecific antigens, making cross-reactions more frequent (de Savigny and Tizard 1977) .
On the other hand, ten out of the ten T. canis-infected rats had shown positive results, giving the test a positive predictive value of 100%. Meanwhile, one out of ten uninfected rats showed a positive result, thus giving the test a negative predictive value of 90.9%.
Determination of cross-reactions using sera of rats infected with other helminths
Sera from animals artificially and naturally infected with other helminths such as Ascaris suum, T. taeniaeformis, and Nippostrongylus sp. were used to test for cross-reactivity. None of the nine Ascaris suum-infected, three T. taeniaeformis-infected, and six Nippostrongylus sp.-infected rats showed positive reactions. Thus, no cross-reactions occurred. Results of the sera used to determine sensitivity, specificity, and cross-reactions are summarized in Table 1 .
However, authors have reported cross-reactions in ELISA which used ES antigens for the detection of toxocariasis using human sera. Jacquier et al. (1991) reported cross-reactions with Trichinella, Stongyloides, and Fasciola species. Another author also reported cross-reactions with sera from ascariasis, trichinellosis, strongyloidiasis, filariasis, and anisakiasis patients. Patients infected with Strongyloides stercoralis, Fasciola hepatica, and Taenia sp. also exhibited positive results in a study by Roldan et al. (2006) . Camargo et al. (1992) preabsorbed human sera in Ascaris suum female extract to increase the sensitivity of both ELISA and dot ELISA which used somatic and ES antigens. This was done to remove ES antigens that cross-react with Ascaris antigens. The ELISA and dot ELISA which used somatic antigens and unabsorbed sera had 100% sensitivity, and 57.1 and 85.7% specificity, respectively. Upon absorbing the sera with A. suum female extract, the sensitivity of the ELISA with somatic antigen decreased to 95.4%, while the sensitivity of the dot ELISA with somatic antigen remained at 100%. However, the specificities increased to 83.7 and 95.3%, respectively.
On the other hand, the ELISA and dot ELISA which used ES antigens and unabsorbed sera showed 100 and 95.4% sensitivity, respectively, while the specificities were 90.5 and 95.3%, respectively. However, the specificity of the dot ELISA increased to 97.6%, while that of the ELISA was retained. The sensitivity of the ELISA decreased to 95.4%, while that of the dot ELISA was retained.
Taenia taeniaeformis is a member of the Phylum Platyhelminthes, Class Cestoda, Order Cyclophyllidea, Family Taeniidae (Girdhar 2003) . On the other hand, T. canis, A. suum, and Nippostrongylus sp. are all members of Phylum Nematoda. However, Nippostrongylus sp. belongs to Class Chromadorea, Order Rhabditida. On the other hand, both T. canis and A. suum belong to Class Secernentea, Order Ascaridida (Myers et al. 2016a, b) . Despite these differences, they exhibit similarities in larval migration with T. canis. T. taeniaeformis, A. suum, and T. canis larvae migrate to the liver in the rat host. T. taeniaeformis eggs hatch into oncospheres in the small intestine of the rat then reach the liver after penetrating the small intestine. In the liver, they develop into strobilocerci (Widmer et al. 2012) . In contrast, A. suum exhibits migration to both the liver and lungs in the rat (Bradbury et al. 1974) . Nippostrongylus sp., on the other hand, exhibit larval migration to the lungs in rats, just like A. suum and T. canis (Ferens et al. 1990) .
Studies have shown that there is at least one band weighing around 55-66 kDa responsible for the cross-reactivity of A. suum and T. canis (Nunes et al. 1997) . Another study identified a 14 kDa protein similar to both A. suum and T. canis excretory-secretory antigens (Kennedy et al. 1989) . Romasanta et al. (2003) on the other hand, identified 190, 160, and 33 kDa antigens that may cause cross-reactivity between T. canis and A. suum which may be due to similar proteins found on their teguments.
Hence, it is possible that the antigen concentration used was low enough to not cause any cross-reactions among T. canis and the three helminths.
Determination of the appearance of antibodies using sera obtained from T. canis-infected rats at different days post infection Sera of rats sacrificed at three, five, eight, ten, fifteen, thirty, and sixty DPI were also tested in the assay to determine when the levels of antibody would be detectable in sera. All sera from rats sacrificed at three, five, eight, and ten DPI showed negative results. Positive results appeared from 15 DPI. All sera from 15 and 30 DPI showed positive results. Also, there is an increasing intensity of color from 15 DPI to 60 DPI. However, at 60 DPI, only one of two sera showed positive results.
During the early stages of infection, the host may have only been starting to mount an immune response such that antibody levels may have only increased to sufficient levels at 15 DPI. Afterwards, there is an increasing concentration of antibodies, as seen in the increasing intensity of the color, such that at 60 DPI, a very intense color was observed in one of the infected sera. This may be because the host is starting to produce more antibodies so that the pathogen can successfully be eliminated. However, one of the infected sera showed a negative result at 60 DPI.
In BALB/c mice that were infected with three doses of 50 T. canis eggs in the 1st, 14th, and 28th day, and mice infected with three doses of 50 eggs in the first, fifth, and eighth day, antibodies have only been observed at 6 months after the infection. However, mice that were given 200 eggs in a single dose exhibited positive results at 30 days post-infection (Chieffi et al. 1995) . Another study using BALB/c mice found that the concentration of total IgE in serum samples of BALB/c mice experimentally infected with different T. canis inoculum size (100 and 1000 eggs) has resulted to an increase of total IgE in serum at 14 dpi, persisting up to 60 dpi. Similarly, the same inoculum size has elicited a significant increase to Toxocara-specific IgG1 that also persisted up to 60 dpi. 
Number of negative results
Uninfected sera (negative control) 10 0 10
Toxocara canis-infected sera (positive control) 10 9 1
Ascaris suum-infected sera 9 0 9
Taenia taeniaeformis-infected sera 3 0 3
Nippostrongylus sp.-infected sera 6 0 6 J Parasit Dis (Oct-Dec 2017) 41(4):933-939 937
However, IgG2a levels were very low or absent (Pinelli et al. 2007 ). Kayes et al. (1985) indicated that in dosages of 5, 25, or 125 T. canis eggs, antibody production in weanling female CBA/J mice increases from the second to the fourth week after infection. However, when 250 eggs were inoculated, antibody levels peaked 2 weeks after infection and have remained at the same level. It has also been observed that antibody levels increased with increasing dosage of infective eggs.
A study by Bowman et al. (1987) , revealed that in 7 week-old male BALB/c BYJ mice that have been infected with 500 eggs, initial detection of IgM occurred during the first week of infection, and the highest levels have been observed at 3-6 weeks after infection. On the other hand, IgG response was detected at the second week of infection, with the peak at 6-8 weeks after infection. In the same study, levels of circulating antigen were highest during the first week of infection, while the lowest detectable levels were observed at 3 months post-infection.
In an experimental infection of 1000 T. canis eggs in 4 month old New Zealand White rabbits, 16 out of 17 animals exhibited detectable amounts of IgG in sera at 14 days post-infection. All animals exhibited high titers at 60 days post-infection (Bin et al. 2016) .
Thus, the variations observed in the time of detection and the concentration of antibodies in sera may have been due to factors such as the species of the experimental host, strain used, age of the experimental host, sex of the animal, and dosage and frequency of infection of embryonated eggs/inoculum size.
Toxocariasis can manifest as a variety of syndromes, namely visceral larva migrans (VLM), ocular larva migrans (OLM), neurological toxocariasis, and common or covert toxocariasis (Macpherson 2013) . Furthermore, asymptomatic cases may also develop (Mazur-Melewska et al. 2012) . Because of the variety of syndromes that the infection causes, nonspecific syndromes are presented, leading to misdiagnosis and underdiagnosis of the infection. Definitive diagnosis is very challenging, as it can only be made through direct observation of the larva, either through the aid of ophthalmic and medical imaging techniques, biopsy, or autopsy (Pawlowski 2001) .
Unlike the standard ELISA, the dot ELISA does not require a spectrophotometer to be able to read the results since only color change is observed. Furthermore, it is better than the standard ELISA in terms of rapidity and simplicity which makes it more practical for field use and more adaptable to the Philippine setting. This study may initiate the development of diagnostic kits for the detection of parasitic diseases in the Philippines, thus increasing public awareness on these infections and improving surveys on the prevalence of these infections in the country.
Furthermore, the assay should be optimized on human sera to evaluate its performance both in laboratory and field conditions.
